We report the elliptically, close to circularly polarized lasing at ω = 1.473 and 1.522 eV from an AlAs/AlGaAs Bragg microcavity with 12 GaAs quantum wells in the active region and chiral-etched upper distributed Bragg refractor under optical pump at room temperature. The advantage of using the chiral photonic crystal with a large contrast of dielectric permittivities is its giant optical activity, allowing to fabricate a very thin half-wave plate, with a thickness of the order of the emitted light wavelength, and to realize the monolithic control of circular polarization.
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Modern nanofabrication technologies allow to realize photonic structures -photonic crystals and metamaterials -with extraordinary optical properties [1] [2] [3] . In particular, chiral photonic structures are known to demonstrate a giant optical activity, several orders of magnitude stronger than natural materials [4] [5] [6] [7] [8] [9] . Recently, it has been demonstrated that incorporating a chiral photonic structure into a planar GaAs waveguide or a semiconductor microcavity (MC) with embedded lightemitting achiral InAs quantum dots (QD) allows to achieve highly circularly polarized light emission, without applying magnetic field and without the need of thick quarter-waveplates [10] [11] [12] . The effect is due to the modification of the symmetry and density of environmentally allowed electromagnetic modes relative to that in free space due to the chiral nanostructuring, which, in turn, affects the spontaneous emission rate, directional pattern, and polarization 13, 14 . This method has considerable advantages: small size, very simple operation, and compatibility with semiconductor fabrication process. In this Letter we demonstrate that the method works for the stimulated emission as well, and demonstrate a highly circularly polarized lasing from an AlGaAs/AlAs microcavity with chirally etched top Bragg mirror with GaAs quantum wells (QW) in the active cavity. To the best of our knowledge, previously the elliptically polarized lasing with a good degree of circular polarization with monolithic control of circular polarization was realized only on a quantum cascade laser in the THz range of frequencies 15 .
A chiral photonic crystal (CPC) is fabricated from the AlAs/AlGaAs/GaAs high Q-factor MC grown by molecular beam epitaxy on a (001)-oriented GaAs. The full planar cavity consists of a lower and an upper Bragg reflectors with 27 and 23 pairs of AlAs/Al 0.20 Ga 0.80 As layers, respectively, with 3 nm GaAs smoothing layer after each pair in the Bragg reflectors and an active layer with three groups of four 13 nm GaAs QWs separated by 4 nm AlAs bariers. The nominal thicknesses of the AlAs and Al 0.20 Ga 0.80 As layers in Bragg mirrors are (68 ± 3) nm and (58 ± 3) nm, respectively. The Bragg pairs are deposited on the wafer with a slight wedge from the center to the circumference, resulting in a blueshift of the cavity resonance which can amount up to ≈200 meV.. It consists of the central group of four GaAs QWs with three AlAs barriers between them, surrounded by 32 nm AlAs and 26 nm Al 0.20 Ga 0.80 As layers, and symmetric siding groups of four AlAs/GaAs barier/QW layers with 28 nm AlAs trailing layers. it is three-dimentionally chiral, because it does not have planes of mirror symmetry, including the horizontal one The samples are held at room temperature. The excitation is carried out with a Ti-sapphire laser in the spectral range of the first reflection minimum of the MC. The laser spot has a diameter of about 10 µm. The emission is collected in an angle range of ±15
• . It is dispersed by a monochromator and detected by a Si CCD camera. The polarization of the luminescence is analyzed by a quarter wave retarder and linear polarizers.
The emission intensity from both samples at low pump intensities depends weakly on the angle, its spectral width reaches a few meV. With increase in the excitation power the emission spectrum and intensity show a threshold-like transition to lasing regime at P = P thr . Above the threshold the emission line becomes narrow. The full width at half maximum is about 0.23 meV at P = 1.1P thr and increases to ∼ 0.5 meV at P = 2.5P thr . 
It is seen that in both samples the lasing is nearly completely elliptically polarized, with polarization degrees at the intensity maxima as large as ρ c ∼ 80%, ρ lin,x ∼ 50%, and ρ Σ ∼ 95% in Sample A (Fig 2a) , and slightly smaller in Sample B (Fig 2b) , ρ c ∼ 60%, ρ xy ∼ 35%, and ρ Σ ∼ 80%.
The reciprocity and symmetry analysis of the structure shows that the CPC in the structures works as a waveplate, exploring the Fabry-Perot interference between the vertically propagating modes in the slab, which allows reaching nearly a 100% circular polarization of the transmission 11 . To optimize the chiral structures for obtaining a high degree of circular polarization degree (DCP) of light emission we have calculated the frequency dependence of emission in right and left circular polarizations, using the optical scattering matrix and Fourier modal method [10] [11] [12] 18 . In this approximation the emission is calculated actually for homogeneously distributed oscillating point dipoles in the QW plane, which are driven by external excitation and emit incoherently, so that the intensities rather than the electromagnetic fields are summed up at the receiver. This approximation (so called weak coupling limit) is not completely valid for describing the lasing. But below and slightly above the threshold of the lasing regime it might be a reasonable starting point for optimization of the structures.
In this approximation, assuming the overall C 4 symmetry of the system, only a circular polarization of emission can be expected. The linear polarization is absent, because the oscillating dipoles are assumed to be randomly linearly polarized in xy plane. The calculated emission intensities in right and left circular polarizations I ± for a structure with parameters of Sample A are shown in Fig. 3 as blue solid and dash-dotted lines. The intensities are normalized to the emission intensity of the same oscillating dipoles in vacuum. The resulting dependence of ρ c ( ω) is shown in Fig. 3 by the dashed green line. It can be seen that the emission is expected to be strongly circularly polarized, with ρ c up to 80%, in agreement with the experiment.
Additional insight into the mechanism of circularly polarized emission is provided in Fig. 4 with the calculated spatial distribution of the circularly polarized emission intensity in Sample A at the resonant frequency ω = 1.522 eV, as well as the spatial distribution of the DCP of emission ρ c (x, y), over the CPC unit cell.
Note that ρ c is very sensitive to the etching depth. Figure 5 shows the calculated dependence of the maximum ρ c of emission from Samples A (solid line) and B (dash-dotted line) as functions of etching depth N etch (measured in the number of etched Bragg pairs). Thus, the structures employed in our experiments with N etch ∼ 4.75 are in agreement with these calculations, corresponding to the maxima of the expected ρ c . Figure 2 shows that the measured emission in the lasing mode shows as well a pronounced linear polarization. The linear polarization indicates that the system has a lowered lateral symmetry. This might be due to a lower symmetry of the fabricated CPC structures, and/or due to the stimulated alignment of the oscillating dipoles in the lasing regime. The calculations show that the degree of circular polarization does not change with the alignment, but the linear polarization appears. This is illustrated in Fig. 3 where cyan and red lines show the calculated emission intensities I x,y , I x±y in xy and diagonal linear polarizations, assuming that all oscillating dipoles in the model are aligned along x axis. The linear polarization degree ρ lin = ρ 2 lin,x + ρ 2 lin,d and total polarization degree ρ Σ = ρ 2 c + ρ 2 lin are shown as magenta and black dashed lines in Fig. 3 . It is seen that the alignment of the oscillating dipoles leads to a pronounced linear polarization. The deviations from the C 4 symmetry cause the linear polarization of emission as well, see in Supplementary material. However, the DCP in this case is usually less than in the perfect structure.
To conclude, we have found that the nanotechnology allows fabricating chiral photonic crystals with light emitting GaAs quantum wells inside a planar MC to realize lasing with a high circular polarization of the light emission in the absence of a magnetic field. The advantage of using the CPCs with a large contrast of dielectric permittivities is its giant optical activity. This allows one to fabricate a very thin "waveplate", with a thickness of the order of the emitted light wavelength. One more advantage of CPC half-wave plates lies in the fact that they, unlike the traditional ones, have in-plane rotational isotropy due to the C 4 symmetry.
